Introduction: Peripheral Intravenous catheterization is the most commonly used invasive treatment method in patients admitted to the hospitals, but it has some complications. The indwell time of catheter is one of the factors associated with the occurrence of complications, especially phlebitis. In spite of the instructions for replacing the catheters after 72 hours, sometimes the complications occur sooner. Thus early catheter replacement becomes necessary, and sometimes the catheter is replaced after 72 hours without any complication.
Introduction
eripheral Intravenous (PI) line or venipuncture is widely used for the treatment of millions of patients around the world [1] . Injections of drugs, liquids, blood products, and Intravenous nutritional supplements are the most important use of these catheters [2] . About 70% of patients need at least one PI catheter after hospital admission, and about 200 million catheters are used per year in the U.S. [3] . But this method is not entirely safe and has some complications. One of these complications is phlebitis which may be present in 50% of the patients in general and up to 75% in patients with infectious diseases, but in patients with no diabetes, burns, or catheterization in emergencies, the incidence is approximately 20% [4] .
Phlebitis can be dangerous because it causes clot formation within veins and occurrence of thrombophlebitis and, in some cases, embolism [5] . Another serious complication is sepsis, which occurs in about 1% of cases [3, 6, 7] . Other complications such as drug and fluid leakage, occlusion, and local infection may also be observed [6] .
These complications may occur at various stages, during the initial assessment to find the appropriate site for catheterization or subsequently during catheter insertion or maintenance of catheter placement. Several factors affect the incidence of these complications such as aging, gender, vein selection, equipment selection, disease process, treatment protocols, and the skill of the person who performs venipuncture [8] .
Catheter site and indwell time are also related to the incidence of complications, especially phlebitis [1, 8, 9] . Hence, although it may take up to one week or even more for catheters and Intravenous fluid administration, they are usually replaced in shorter intervals to minimize the complications [3] . The recommended time interval for routine replacement of catheters has been increased over the past three decades from 24 to 48 hours and then to 72 hours [6] . In some recent nursing studies, the recommended time line is 72 hours [10] [11] [12] . In spite of this recommendation, complications sometimes occur sooner. Thus catheter replacement is necessary, and sometimes it is replaced in 72 hours without a complication. The Centers for Disease Control and Prevention (CDC) has recommended this time to every 72-96 hours [13] .
P Highlights
• Almost half of the patients showed no sign of complications in the catheter site after 72 h, and the only reason for the catheter replacement was the hospital instructions.
• Complications that lead to the replacement of the catheter before 72 h were phlebitis (24.7%), obstruction (14.3%), drug leakage outside of the catheter (2.6%), and drug leakage into the patient's tissue (2.6%).
• Complications of Peripheral Intravenous catheterization were higher in women.
• Complications on the second day of catheterization were higher compared to other days.
Plain Language Summary
Venipuncture is the most commonly used invasive treatment method in patients admitted to the hospitals, but it has some adverse effects. The duration of catheter stay in the site after venipuncture is one of the factors associated with the incidence of complications, especially inflammation of the vein. In spite of the instructions for replacing the catheters after 72 hours, sometimes complications occur sooner. Thus early catheter replacement becomes necessary, and sometimes the catheter is replaced after 72 hours without any complication. This study aimed to determine the frequency of Intravenous catheter complications and related factors during the 72 hours after insertion. Since nearly half of the patients with catheters in this study had no complications in this duration, it seems that further studies should be performed on the need for replacing uncomplicated catheters after 72 hours. In addition, complications of catheter insertion are more common in women. This finding calls for more attention and care in this area.
The nursing team is responsible for PI catheter insertion and care [14] . Therefore, the determination of complications and their frequencies extent are necessary for nursing care. In this regard, a study conducted in Turkey showed that the incidence of phlebitis in catheterizations, which were in place less than 48 hours, was significantly higher than that of other time durations [9] . Another study on patients admitted to the general surgery department showed that the lowest rate of phlebitis was related to 0-24 h timeline [15] .
Results of a prospective cohort study in five Italian hospitals indicates that with every 24 h increase in catheter indwell time, the likelihood of phlebitis increases by 5% [1] . While in a retrospective study on the patients hospitalized in a surgical department in the U.S., no difference was reported between complications of catheters indwelled for 72-96 hours and those remained for more than 96 hours [16] .
Considering the wide range of factors affecting the complications of PI catheters and the different results regarding the incidence of these complications, further studies are needed to examine the situation and revise the current guidelines. In this regard, this study aimed to investigate the incidence of complications of PI catheterization within 72 hours after insertion.
Materials and Methods
This is an analytical cross-sectional study design conducted on the patients hospitalized in cardiac surgical wards of an educational treatment hospital in Rasht City, Iran after undergoing Coronary Artery Bypass Graft (CABG) operation. These wards were selected because the patients received the same antibiotics after CABG operation. The point is that the injection of some medications can exacerbate the complications of the injection site vein.
The inclusion criteria for the study patients were as follows: needed PI catheter for at least 72 h; had no peripheral vascular diseases (based on the medical records); not received immunosuppressive drugs (based on the medical records); lacked blood infection (based on the medical records), sensitivity to penicillin and antibiotics based on the routine surgical protocol, valvular heart disease; received the same Intravenous (IV) drugs; lacked allergy to adhesive or medical equipment (based on the medical records); and were interested to participate in the study. On the other hand, the exclusion criteria were as follows: change in the type of IV drugs taken during the study, blood transfusion, skin reaction to dressing adhesive on the catheter, and unwillingness to participate in the study.
According to the study of Salgueiro-Oliveira et al. where the rate of phlebitis was reported 11.09%, a sample size of 154 was determined, and the patients were gradually included in the study based on convenience sampling method [17] . Of 289 patients, 117 did not meet the inclusion criteria: 1 for unwillingness to participate; 75 for not receiving the same IV drugs; 7 for sensitivity to penicillin and thus, not receiving antibiotics based on the routine protocol of the surgical ward; 12 for having peripheral vascular disease; 16 for having valvular heart disease; 1 for receiving immunosuppressive drugs and not receiving the same IV drugs; 1 for having a history of allergy to adhesive tape; 1 for having both valvular heart disease and peripheral vascular disease; 1 for having peripheral vascular disease and not receiving the same IV drugs; and 2 for having PI catheters with different sizes. Of 172 remained patients, 4 patients were excluded as their information about catheter removal was not recorded; 7 patients due to change in the received IV drugs, and 7 patients because of blood transfusion. Thus the information of 154 patients was statistically analyzed.
The data collection tools were phlebitis assessment and infiltration rate scale developed by Infusion Nurses Society (INS) which were mentioned as standard tools to evaluate catheter insertion site in reference Nursing textbooks [5] . The phlebitis assessment scale has been rated from 0 to 4 (0=No signs of phlebitis, 1=pain on the insertion site with erythema or edema, 2=formation of streaks, 3=palpable venous cord with a length of more than 2.5 cm, and finally 4=purulent drainage). The Infiltration rate scale also has a grading scale of 0 to 4 from no sign to white, pale, and semi-translucent skin, tight and leaking skin, swollen and bruised skin, gross edema >15 cm in each direction, deep pitting tissue edema, impaired blood circulation, moderate to severe pain, infiltration of some blood products, and skin irritation and tenderness. Other tools included a form of personal, clinical, and catheter information.
From the beginning of the sampling, the medical records of the patients, who were transferred from the cardiovascular Intensive Care Units (ICUs) to the surgical wards and received new PIs, were investigated in terms of inclusion criteria every day. Each eligible patient was entered into the study only once, and if his or her catheter were removed and replaced with another one, the patient would not be re-entered into the study. In the ICU and during the transfer of the patient to the surgical ward, ICU nurses performed venipuncture according to the conventional method (preparation of the skin with 70% ethanol and fixing the catheter with an IV dressing which is a ready-to-use dressing for the catheter site with an anti-allergy adhesive).
20-Fr catheters (made by B. Braun Medical Inc., Pink color) were used for all patients. The personal, clinical, and catheter information form was completed for each patient and put into his or her medical file. The assessment tools for data collection were also put in each patient's medical record to help the nurses use them when specifying the reasons for catheter removal. It should be mentioned that before the beginning of the study, the nurses of surgical departments were trained on how to use the study tools and they were asked to use a flexible ruler to measure the edema caused by IV drug infiltration. In case of occlusion of the catheter by a clot, first, they were supposed to aspirate the residual clots from the catheter by a syringe, and in case of failure, remove the catheter. In each working shift, the catheters were examined by the nurses regarding the signs of complications. Whenever the nurses saw any signs of complications, they removed the catheter and recorded the reason and time of removal in the related form.
This study was first approved by the Research Ethics Committee of Guilan University of Medical Sciences (Code: IR.GUMS.REC.1394.51) on May 30, 2015. Then, sampling started from July 28, 2015, and ended on March 18, 2016. The study purpose and procedure were explained to the patients, and written informed consent was obtained from them. They were assured of the confidentiality of their information and were free to leave the study at any time.
The obtained data were analyzed in SPSS V. 22. Descriptive statistics (frequency, mean, and standard deviation) were used for describing the individual characteristics, factors associated with the disease and the characteristics of the catheters. Inferential statistics (Fisher's exacttest and the Chi-squared test) were used to investigate the effects of complications based on the above data.
Results
Our study results showed that most participants were male, aged over 60 years, and had a BMI of 25-30 kg/m 2 . Their most common underlying disease was hypertension, followed by hyperlipidemia. Most of the subjects were receiving non-Intravenous anticoagulant drugs (Aspirin, Clopidogrel, Enoxaparin, Warfarin). The most frequently used catheter site was antecubital, and the least frequent site was arm. The indwell time of most of the catheters was 49-72 h; the Mean±SD indwell time was 62.05±24.93 h (Table 1) .
Based on the results, 48.7% of patients showed no sign of complications in the catheter site during the first 72 h. After 72 h, catheter replacement was performed according to the instructions of the hospital. About 42.2% of the catheters were removed due to the occurrence of at least one complication where the most common complication was phlebitis followed by an obstruction, drug leakage outside of the catheter, and then drug leakage into the patient's tissue. Most cases of occurred phlebitis were grade 1 and then grade 2; no patient was observed with grade 3 or 4 phlebitis. All cases of leakage into the tissue were of grade 1 phlebitis (Table 2) .
Complications in women were more than men, and the most complications occurred in the period of 25 to 48 hours after the catheterization and the least in the time range of 49 to 72 hours later (22.7%). The results reported a significant relationship between the incidence of complications associated with PIs and gender (P=0.013), indwell time of catheter (P=0.0001), and BMI (P<0.05) ( Table 3 ).
Discussion
The results of the current study showed that the most reported complication associated with PI catheterization was phlebitis (grade 1). In the studies of Uslusoy and Mete, and Powell et al. where the measurement scales were similar to those used in the present study, the most commonly reported complication was grade 1 phlebitis as well [15, 18] .
In the present study, the incidence of complications between 25 and 48 hours after catheterization was significantly higher than in other periods. Paşalıoğlu and Kaya in their study showed that the rate of phlebitis was significantly different between time groups. The rate was higher in catheterizations that lasted less than 48 hours, and in PI catheter indwelled 49-96 h, the phlebitis rate was lower, where the lowest rates were for catheters that remained for 97-120 hours [9] . Our study result is consistent with theirs. Half of the subjects in our study also had no complications 72 hours after catheter insertion, and the only reason for the catheter replacement was complying with the guidelines to replace any catheters even uncomplicated ones after 72 h. Some studies have different outcomes. In the study of Van Donk et al. the incidence of phlebitis or obstruction was significantly different in days 1 to 7, but there was no schedule for the increase or decrease of their incidence over time [19] . Powell et al. reported a significant relationship between the incidence of phlebitis and PI catheter indwell time. The phlebitis rate increased from day 1 to 3; from 1.5% in the first day or sooner to 3.2% for two days and 11.7% for three days, but it decreased from the fourth day [18] .
In Cicolini et al. study, the results indicate that with every 24-hour increase in indwell time, the likelihood of phlebitis increases by 5%, and the frequency of phlebi- [1] . This discrepancy in results can be due to the differences in the clinical characteristics of samples and the properties of the used catheters. In the mentioned studies, the patients with various diseases were included in the study, and the catheters were of different materials and sizes. The types of received solutions and drugs were not the same, and skin preparation was carried out in different ways. All of these factors can affect the incidence of complications. In the current study, these factors were under control.
In this study, the incidence of complications was significantly higher in women, which is consistent with most studies such as Paşalıoğlu and Kaya, Ascoli et al., and Van Donk et al. [9, 16, 19] . In the study of Wallis et al. the incidence of phlebitis and obstruction was also significantly higher in women [20] . Differences in the skin structure of women and men, as well as the difference in the dosage of medications and their underlying diseases, may be the reasons for this discrepancy.
In this study, catheters should be assessed in each working shift concerning the complications. Since the use of the same examiner to check the site of catheters was not possible in three shifts, this task was done by nurses in the surgical wards. Before the study, the study instruments were provided to the nurses and they were trained how to use them. However, the individual differences in how each person uses the tool are involved in determining and rating the complication that may affect the research results. Moreover, it was not possible to use the same adhesive dressing for all the study samples which can affect the results.
Based on the study results, the incidence of PI catheter complications on the third day after insertion was less than that on the first and second days. Considering that different studies have achieved controversial results, further studies are recommended to reach the certainty about the appropriate time for replacement of PI catheters and increasing the routine replacement time for uncomplicated ones.
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